7.3 Impulse Response Functionq{ > /%L R SEEE):

ayi,t+m, m=12---,
6ej,t
wherei, j=1,2,---,k.
Example: AR(p) Process:
Wheny, is stationary, we obtain:
Ye=(lk— g1l — ol — -+ —ppLP) "

=&+ Qlet—l + 02&_2 + .-

The impulse response function is:

0Yit+k
(96]1

= bijk» k=12---,
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whereé;; x denotes thei(j)th element of.

Vi =&+ 016 1+066 2+ -
= PPl +6,PP e 1 + PP g o+ ---

= Qony + Qg + Qotgrp + -+

where Vi) = Iy, andQ; = 6Pfori =0,1,2,--- andQy = P.

0Yi t+m
a77j,t ’

m= 1’ 2, e
wherei, j =1,2,---,k.
— Orthogonalized Impulse Response FunctionE 3 b1 > /3L R & EI%R)

Example:

. varbasic d.1lgdp d.r d.1lm, lags(1l)

Vector autoregression
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Sample: 3 - 8
Log likelihood
FPE
Det(Sigma_ml)

Equation

1

592.2334
8.38e-11
6.18e-11

0.0422
0.2553
0.2903

.010717
.087186
.009434

3.480972
27.0782
32.30929

79
-14.68945
-14.54526
-14.32954

.2031129

.0045431

.0152162
.0019504

.1119361

.0120151

.1086739
.0019124

.0162778

.0190061

-.1977807
-.0017978

.4225037

.0280922

.228213
.0056986

.4341641

.9106374
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LD. .5085677 .0977469 5.20 0.000 .3169874 .7001481
Im
LD. .1845222 .8840978 0.21 0.835 -1.548278 1.917322
_cons -.0202984 .0155578 -1.30 0.192 -.0507912 .0101943
_____________ +________________________________________________________________
D_Im |
lgdp |
LD. -.1972406 .008541 -2.00 0.045 -.3903774 -.0041037
r
LD. -.029395 .0105773 -2.78 0.005 -.0501261 -.0086639
Im
LD. .4472679 .0956691 4.68 0.000 .2597599 .634776
_cons .0071036 .0016835 4.22 0.000 .0038039 .0104033
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varbasic, D.lgdp, D.lgdp

varbasic, D.lgdp, D.Im varbasic, D.lgdp, D.r

varbasic, D.Im, D.lgdp

varbasic, D.r, D.lgdp

varbasic, D.Im, D.Im varbasic, D.Im, D.r

varbasic, D.r, D.Im varbasic, D.r, D.r

T

2 4 6 8 0 2 4 6 8
step

95% Cl

orthogonalized irf

Graphs by irffname, impulse variable, and response variable
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8 Unit Root (82/iI18) and Cointegration (&£#143)

8.1 Unit Root (B {i14R) Test (Dickey-Fuller (DF) Test)

1. Why is a unit root problem important?

(a) Economic variables increase over time in general.
One of the assumptions of OLS is stationarityypandx;.

This assumption implies thai}X’X converges to a fixed matrix asis

large.

That is, asymptotic normality of OLS estimator goes not hold.

(b) In nonstationary time series, the unit root is the most important.

In the case of unit root, OLSE of the first-order autoregressivéicant

iS consistent.
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OLSE is VT-consistent in the case of stationary AR(1) process, but OLS

is T-consistent in the case of nonstationay AR(1) process.

(c) A lot of economic variables increase over time.

It is important to check an economic variable is trend stationary (i.e
Vi = ag + &yt + &) or difference stationary (i.ey; = bg + yi_1 + &).

Considerk-step ahead prediction for both cases.

(Trend Stationarity) Yirkit = 8o + a1t + K)

(Difference Stationarity) Vit = Dok + Vi

2. The Case ofi¢,] < 1:

Yt = P11 + &, & ~ i.i.d. N(0, o?), Yo =0, t=1..-.T
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Then, OLSE of#p, is:

T
Z Yi-1Yt

In the case ofp,| < 1,

1 d
T Z Yi-1€

$r=py + ——— = — ¢+ EGr-16)

T EGZ,)

1
T2

= ¢1.

Note as follows:

1

-
?Z Vi-166 — E(Yt 1€t) =
t=1
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By the central limit theorem,

Ye_E0D _, o1
V(Ye)
where
1 i
€= = Yi-1€
T t=1
E() =

V(Ye) = V(= Z Yi-16) = (( L Z Yt—lft)z)

t=1
T T 1 J
Z Z Yi- 1yS—1€t€s = T2 Z v 16t 0' %y(0).
t=1 s=1 t=1

Therefore,

1 T
T ZYt 1& — N(O, 1),

Ve
Vo2y(0)/ T aey(0) VT
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which is rewritten as:

1 T
—= D Ve — N(O,02(0))

VT &
1 T
Using ?Z —s E(y?,) = y(0), we have the following asymptotic distri-
t=1
bution:
:
TZ t-1€t 5
(O
VT(f1—¢) = ——— N( ) N(0,1-¢3).
1 ¥(0)
PR
h o
Note thaty(0) = —.
y(0) = 1— P

3. Inthe case op, = 1, as expected, we have:
\/T((}Bl -1) — 0.
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That is, ¢, has the distribution which converges in probabilityto= 1 (i.e.,

degenerated distribution).

Is this true?

4. The Case ofp; = 1. — Random Walk Process
Vi = Vi1 + & With yp = 0 is written as:
yt = €t+€t—l+€t—2+ +El.
Therefore, we can obtain:
yi ~ N(O, o%t).

The variance of; depends on time = y; is nonstationary.

2 V1€

5. Remember thap, = ¢, + .
1 1 Zytz—l
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(a) First, consider the numeratdly;_1 €.
We havey? = (Yi-1 + &)° = Y2 ; + 216 + €.
Therefore, we obtain:

1
Vi-16 = E(ytz - Yt2—1 - Et2)~

Taking into accouny, = 0, we have:

T 1 1 T
E Vi-1& = Ey-zr - é E €t2.
t=1 t=1

Divided by 2T on both sides, we have the following:

1 < 1( yr 119w,
N e R0

Fromy; ~ N(0, o?t), we obtain the following result:

) <o
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